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Abstract 
The study examines existing glass metal heliostats from the size range of 8 m² to beyond 100 m² and takes all relevant costs into 
account to identify the most promising heliostat size of around 40 m² to optimize the life cycle cost. 
Detailed heliostat cost breakdown is organized into three categories to reflect the costs as seen in a real life project. The three 
categories (Component, Installation/checkout and Operations/maintenance costs) are then summed to calculate the life cycle cost 
of ownership for different size heliostats [1]. The estimated costs are mainly for comparison and must be taken as indicative 
values and not as absolute values.  
Literature is reviewed to develop a technical model that ensures that the heliostat components are sized properly. A technical 
model to calculate loads on all elements of the heliostat is developed, comprehensively taking into account existing literature 
dealing with wind, gravitational loads on heliostats that are generally used to size elements of a heliostat. The results are then 
applied on a FEM platform to optimize the elements of heliostats with stress and displacement based method of analysis. 
The maximum optical error that can be generated at various operational wind speeds is also discussed. The result is the 
development of a heliostat which has a credible performance that can be simulated at different wind speeds. 
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1. Introduction 
Power towers are expected to be the most cost efficient method to harvest and store suns energy, either by 
converting it to high temperature process heat or electricity. The possibility of dispatchable electricity generation at 
utility scale and process heat augmentation at sub utility scale promises this technology a bright future. Going 
forward, it will be essential to reduce the Levelized Cost Of Electricity (LCOE) of power towers to compete against 
conventional forms of electricity generation. Since LCOE is highly dependent on the initial capital expenditure, there 
is unanimous consent among various reports (SANDIA [1], IRENA [2]) that the heliostat field offers the highest 
technology improvement opportunities and thus one of the best avenue for cost reduction in a solar tower power 
plant. It is also seen from these reports that the heliostat field is at least 30-50% of the capital cost investment of a 
solar power tower plant. (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) first picture; (b) second picture. 
 
 
 
Fig. 1. Solar or heliostat field is the major cost driver for power towers. Cost breakup for a typical 100MW molten salt power tower plant [2] 
1.1. Novelty and goal of study 
Currently, a wide range of heliostat sizes (1-165 m2) are being developed by the CSP industry leaders world over. 
There is thus a need to capture the life cycle cost of a heliostat to understand what size of heliostat is cost effective. 
A life cycle cost model is required to compare all the associated costs for various sizes of heliostat. This should 
help put into perspective the size range of heliostats being developed world over.  
Besides creating a comparative cost model, a technical model which can be used to design a heliostat from scratch 
will be discussed. The specifications for the heliostat development are established after a state of the art review 
according. The idea is to include all the necessary features to reduce heliostat costs in the design stage itself. The 
features are selected based on their ability to help reduce the heliostat cost to target levels set in the future roadmaps 
for power towers (IRENA [2], SANDIA [2], [3]) 
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1.2.  Methodology 
 A state of the art techno-economic market review is conducted to ear mark the best low cost element to perform a 
particular function of the heliostat. Published heliostat cost breakdown figures and future roadmaps are surveyed 
to set goals for the low cost heliostat design exercise. 
 A state of the art literature review is conducted to understand the factors affecting heliostat design. Using existing 
literature, a technical model is developed to calculate maximum loads on various elements of heliostat which will 
help in choosing cost optimized elements.   
 The maximum loads calculated will be used to validate structural integrity of heliostat design and its individual 
elements using Finite Element Analysis (in this case, Autodesk Inventor 2011 is used). 
 The costs of the selected heliostat elements are included in life cycle cost model that is developed to evaluate the 
life cycle cost of ownership for a heliostat. It should serve as a tool to understand the varied philosophy of large 
or small heliostats being pursued by industry leaders especially with varied costs of producing and installing 
heliostats in developing and developed countries. 
 Combine the learning’s from both technical and cost model to calculate the range of heliostat size that will offer 
the lowest life cycle cost while making both technical and economic sense.  
1.3. Techno-economic state of the art review 
Based on a techno-economic state of the art review, cost effective technical features in existing heliostats are 
identified and cost targets are set for the cost optimized heliostat development exercise. The key results of the review 
are below:  
 
 A “small” heliostat of size 8 m2 will be used as a design consideration for initially developing the technical 
model. Further, an ideal size of heliostat will be realized after life cycle cost analysis. 
As a first step, proven long life industrial standard elements like linear actuator and wired RS 485 communication 
are chosen against promising but long term unproven actuation and other wired or wireless control technology 
generally used for very small heliostats [4]. The choice for 8m2 is as well justified by the non-linear behavior of 
wind load curve against heliostat area [11]. This also seems to be right approach for small thermal receiver size 
owing to reduced astigmatism and spillage issues expected from smaller reflector area heliostats.  
 Fixed Horizontal Axis (FHA) heliostat design will be used as a design consideration to enable the possibility of a 
cost optimized heliostat field [5] 
 Actuated using high quality 20 year lifetime linear actuators – CanBus or RS485 enabled with 24VDC motors 
and a combination of slew drive and linear actuator for larger heliostat designs. However both choices tend 
themselves well to surround field as well as north field designs. 
 Foam core based glass mirror sandwich to be used for mirror modules [6] owing to their higher optical quality at 
negligible cost increase factoring the reduction in amount of steel truss support structure required as well as the 
possibility to have precisely curved reflectors which could be important for high density cost optimized smaller 
heliostat fields.  
 Square/Rectangular steel tube pylon for smaller heliostat and truss structure for larger heliostats. Installation 
location influenced costs might allow for innovative concrete and steel combination structures to be evaluated as 
well. 
 Maximum permitted beam error of 3mrad for structural design calculation. 
 
An installed heliostat cost of $165/ m2 is set as a target for this study based on the SunShot vision study: 2015 
Power Tower target. [7]  
2. Technical model 
The goal of the technical model is to optimally size the elements of a heliostat. Understanding the loads on a 
heliostat and its elements is crucial to optimally size them. Gravity and wind loads are the governing factors for 
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sizing the elements of an individual heliostat. Specifically, operational and peak wind loads are used to size the 
heliostat components. Even though peak wind loads can be determined by theoretical calculations or Computational 
fluid dynamics (CFD), it has been documented by several research papers that the most real and accurate values as 
noticed on actual heliostats can only be got by scaled boundary layer wind tunnel tests [8]. Effects of packing 
density and its effect on wind loading is considered from [8]. Therefore, the coefficient results of boundary layer 
wind tunnel tests published in the research papers [8], [9], [10] are used for this study.  
2.1. Novelty 
The design choice of a FHA heliostat presents us with a unique problem of analysing loads and moments on the 
heliostat. The wind load methodology used by Andreas Pfahl et all in their two research paper [8], [9] and the 
widely referenced original work of Peterka et all [10] deal with loads on a Fixed Vertical Axis (FVA) design where 
only the width ‘‘b” of the heliostat can be parallel to ground or offer the full face of heliostat to wind as can be seen 
in Fig. 2. This is in contrast to the FHA heliostat shown in Fig. 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Further, the analysis of loads on an asymmetric (width and length different) FHA heliostat would have to involve 
intelligent application of force and moment coefficients got from boundary layer wind tunnel tests that used FVA 
heliostat as reference [8], [9]. This is because the heliostat can have two aspect ratios based on whether the width or 
length is parallel to ground as can be seen in Fig.4. The changes to existing assumptions in [8], [9] which are crucial 
in determining the various factors that affect maximum wind load calculation are shown in Table 1. 
 
     Table 1. Changes required to assumptions in [8], [9] for wind load co efficient calculation for FHA heliostat. 
Heliostat orientation Width parallel to 
ground 
Length parallel to 
ground 
Relevant Tracking axes  Elevation Azimuth  
 
Wind direction when wind load coefficients are 
maximum 
Along length "h" 
of heliostat  
Along width "b" of 
heliostat  
Reference chord length used in wind load 
calculation 
H  B  
   
Aspect ratio(Width/Length)  b/h h/b  
 
Fig. 3. FHA heliostat for which wind 
load co-efficients need to be deduced. 
Both width "b" and length "h" can be 
parallel to ground. 
Fig. 4. FHA heliostat with width "b" 
parallel to ground (left) and height 
"h" parallel to ground (right).   
Fig. 2. FVA heliostat considered in 
[8], [9], [10] for providing wind 
load co-efficients. 
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2.2. Calculation and Application of results on finite element analysis (FEA)  
Further calculations are done based on the work of [8], [9], [10] and not repeated here since it is just a follow up 
on prior art. 
 
Two approaches for application of results are followed: 
 
A) Survivability or stress based analysis of structure: The distribution of pressure load coefficients is made 
available for smaller 30 m2 heliostat in [9] and large heliostats in [11]. The heliostat is modelled on Autodesk Inventor 
and calculated wind loads are then applied to compute the maximum stress on various elements of the heliostat. This 
is an important exercise since the behavior of the entire heliostat as an assembly is of importance rather than just the 
elements. Hence, the final sizing of elements is done by applying loads on the entire assembly. It is imperative to 
understand this mode of design is useful for storm wind speed survivability criteria and does not deal with optical 
accuracy of system. It is seen from our tests that a design solely based on survival does not lead to a stiff enough 
heliostat at operating wind conditions. 
B) Deflection based analysis of structure: The wind load values at operational wind speeds can be used to predict 
the deflection of the heliostat and thus the resulting tracking error. The maximum displacement and change in slope 
error of mirror module can also be measured. This is an important parameter that can be used to predict the tracking 
error at various wind speeds starting from zero to max operating wind condition. This an analysis is repeated for the 
other wind speeds and can be used to size the heliostat structural elements if the design of heliostat is bound by a 
maximum limit for the tracking error as considered in this analysis. 
3. Cost Model  
The goal of the cost model is to find the optimal size of heliostat that has the lowest specific life cycle cost. After 
understanding the loads and design options to optimally size a heliostat using the technical model, it becomes crucial 
to understand the various costs associated with the design choices. A model based on the work of Scott Jones [13], 
Greg Kolb et all [3] is used as a basis to determine the life cycle costs. 
 
Component costs are real parts cost mostly based on real quotations in this analysis. Direct costs during 
installation consist of all the costs incurred due to direct value addition done to the heliostat on field. Indirect costs 
during installation consist of all the costs incurred due to buying/hiring equipment required to execute direct value 
addition jobs on field. Installation and checkout cost as well as Operation and maintenance (O&M) cost are largely 
dependent on the location of heliostat installation but the idea is to create a model that captures all the costs which 
can then be used to simulate realistic scenarios for any particular location. 
Cost scaling based on heliostat size increase is discussed by Steve Jones in [13].The criteria used for scaling in 
this study is based on realistic quotes got from potential suppliers wherever possible. The costs are extrapolated from 
real quotations got for the some heliostat components when a real quote is not available. A comparative table thus 
created for various sizes of heliostat is used to understand how various parameters affect the specific cost of heliostat 
(Price/Area; €/ m2 ) which can then be used to determine the ideal size of heliostat based on lowest specific life cycle 
cost. 
3.1. Results and Discussion  
The comparative table that shows all the costs calculations and assumptions for heliostats of size 8, 32, 64, 96, 
120 and 148 m2 is shown in Appendix- A. A high density field that has a total reflective area of 40625 m2 is used as 
a constant parameter for calculating the number of heliostats required for different heliostat sizes. Fig.5, Fig.6, Fig.7, 
Fig.8 show the cost behavior trend. No error margins are shown since the costs are estimates and must not be treated 
as absolute but only indicative values. Market availability of right sized components for a particular size of heliostat 
plays a major role for the higher component costs for smaller heliostat as seen in Fig.5. Location specific installation 
costs carry bare minimum costs, (a developed European country is considered in this analysis) that again drives the 
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costs higher for smaller heliostats as can be seen in Fig.6. The cost of hiring machinery in the field is signified by the 
total installation and checkout cost curve in Fig.7 but the amplitude of the specific costs variation suggest that the 
specific costs of hiring machinery is not a deciding factor when choosing a 40 m2 or a 120m2 heliostat. The 
operations and maintenance cost is also not very influential on making a decision for large or small heliostats even 
though the specific maintenance cost reduces for larger heliostat as can be seen in Fig.8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. The lowest estimated component cost is seen for the 64 m2 heliostat with specific cost of 110,7 €/m2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. The lowest estimated installation and checkout cost is seen for the 64 m2 heliostat with specific cost of 17,5 €/m2 
Pedestal &
Mirror
Support
Structure
Drives MirrorModules
Drive Control
System
Field
electronics
and wiring
Design+Over
head +
Contingency
+ Profit
Total Parts 
Cost (€/sq.m)  
8m2 31,3 62,5 30 6,3 9,4 34,8 174,2
32m2 31,3 25,0 30 2,3 3,1 22,9 114,6
64m2 31,3 23,4 30 1,6 2,3 22,1 110,7
96m2 36,5 31,3 30 1,3 1,8 25,2 126,0
120m2 37,5 33,3 30 1,3 1,7 25,9 129,7
148m2 43,9 40,5 30 1,4 1,7 29,4 146,9
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8m2 19,3 0,9 1,9 1,9 0,0 1,9 25,9 3,69 7,4 37,0
32m2 6,8 0,7 0,7 0,5 0,2 0,5 9,4 6,15 3,9 19,5
64m2 3,9 0,5 0,5 0,5 0,2 0,5 6,0 8,00 3,5 17,5
96m2 2,8 0,3 0,4 0,3 0,2 0,4 4,3 11,69 4,0 20,0
120m2 2,4 0,3 0,3 0,3 0,3 0,3 3,7 14,77 4,6 23,1
148m2 2,0 0,3 0,3 0,2 0,2 0,3 3,3 18,46 5,4 27,2
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Fig. 7. The lowest estimated installation and checkout cost will be seen in the range of 50 to 70 m2 
 
 
Fig. 8. The lowest estimated life cycle cost is seen for the 64 m2 heliostat with specific cost of 134 €/m2 
 
The cost analysis conducted, that uses the results from the technical model, suggests that a heliostat of 64 m2 will 
have the lowest specific installed heliostat price of 128 €/m2 . It is important to consider that only 635 heliostats were 
considered for the life cycle cost estimation since a total reflector area of 40625 m2 was considered for this study. It 
has an installed cost of 128 €/ m2 (about 169,5$/ m2) which is already comparable to the 165$/ m2target that was set 
after state of the art review. Further reduction in the specific installed cost of the 64 heliostat can be achieved if a 
higher production quantity of 5000 heliostats which was used to get the 165$/ m2 target by Greg Kolb et all [3] is 
considered. 
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Since major cost reductions are already seen in the region of 40 m2 , an advantage is seen for developing heliostats 
in that region owing to optical benefits ( -10 €/m2 for larger heliostats as per [3]  ) of a smaller heliostat and better 
behavior of heliostat under gravity, wind loading.  
 
 
The next steps to achieve further reduction in heliostat costs could be:  
 
1) Increase in quantity of heliostat production when economies of scale become predominant for parts production 
as well as direct costs during installation. 
2) The choice of parts/components that were considered after state of the art review may be reconsidered to enable 
further specific cost reduction especially for parts that have the highest specific costs associated like the mirror 
modules, pedestal and drives as can be seen in Fig.9. Stress analysis based selection of pedestal and mirror 
support structure might help reduce its specific cost if application permits so. Further heliostat receiver designs 
that enable the use of lower accuracy/ cheaper linear actuators could be evaluated to reduce the specific cost of 
drives. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9.  Component choice alternatives might lead to further reduction in specific heliostat costs  
 
3) There could be bare minimum cost level associated with the general glass metal heliostats as considered in this 
study. To really achieve drastic cost reductions for the heliostat, it might be interesting to evaluate the long term 
reliability and performance of innovative designs, such as small independently tracked mirrors that are closer to 
ground whose design is not governed by wind and gravitational loads. 
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Appendix A. Summary of the cost calculation table used for life cycle cost analysis 
        
Heliostat Area  m2 
     Reflective area required(Soltrace data input here) 40625 m2 
Number of heliostats (40625/each heliostat 
area) 
units 
C
om
po
ne
nt
 c
os
t 
Parts/Materials Cost   
Pedestal & Mirror Support Structure    
Drives    
Mirror Modules  
Drive Control System  
Field electronics and wiring   
Parts Cost (€)   
Design+Overhead + Contingency + Profit  25% 
Total Parts Cost (€)  
Total Parts Cost (€/sq.m)    
In
st
al
la
tio
n 
an
d 
ch
ec
ko
ut
 c
os
t 
Installation & Checkout cost  :   
Direct Costs   
  Foundation (including material) 
  Pedestal Installation   
  Final Assembly   
  Heliostat and field wiring  
  Check Out/ Startup   
  Calibration & Canting   
  Total labor cost €/heliostat 
  Total labor cost €/m2 
Indirect Costs   
  Onsite Manufacturing facilities & 
Tooling lease/buy (Building, Mirror 
module tooling, etc.) 
  Field work equipment lease (Cranes, fork 
lifts, etc) 
  Total fixed cost € 
  Total fixed cost €/heliostat 
  Total fixed cost €/m2 
Installation and checkout Cost (€/heliostat) 
Design+Overhead + Contingency + Profit  25% 
Total Installation and checkout Cost  €/heliostat 
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Total installation and checkout Cost  €/m2 
Installed Heliostat Cost Total (Component+ Installation and checkout cost) € 
Total(Component+ Installation and checkout cost)  €/m2 
O
pe
ra
tio
ns
 &
 M
ai
nt
en
an
ce
 C
os
t Annual Service Labor  hrs/heliostat 
Technician Labor Rate  €/hour 
Parts (0.5% controls & 0.1% drives)  € 
Annual Maintenance Cost(A) € 
Annual Washing Cost € 
Total   € 
Net Present Value Factor % 
Present Value O&M  € 
Present Value O&M  €/m2 
Lifecycle Cost-Heliostat Heliostat Life Cycle Cost    
Heliostat Life Cycle Cost  €/m2 
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